The purpose of this study was to develop an organic wood preservative from the liquid extract of Neem tree (Azadirachta indica). This product has the potential in controlling the fast deterioration of coco wood by extracting liquid from fruits with seeds and leaves of Neem tree. Effectiveness as wood preservative was investigated for termite repellency, water absorption, and tangential swelling following American Society for Testing and Materials methods such as D-3345-74, D-4442-92, and D-4446-06, respectively. The study revealed that wood samples with Neem extracts have favorable effects in preserving coco wood. It was also observed that extract from Neem leaves and fruits with seeds has no significant difference in terms of effectiveness on wood preservation displayed and coco wood physical characterization. The majority of the results were commensurate to gear on an affirmative finding to conclude that the liquid extract from Neem can be used and further explored as an effective material for wood preservation.
Introduction
Wood has been used by the Filipinos for thousands of years for both fuel (cooking), heating, and construction materials for primary (trusses, girders, beams, columns) and secondary (joists, studs) elements of houses. It is composed of cellulose fibers that possess good mechanical properties. Support material such as door and window frames/jambs, building forms in which concrete is poured during reinforced concrete construction, and other part of house structures is usually made up of woods. In the Philippines, coco wood is normally used as concrete forms and scaffoldings of small to medium category builders, instead of steel pipes and plates. In rural areas where there is limited access to cement and other concrete aggregates, coconut lumber is used as alternative structural members for houses. Philippines is among the world's top producer of coconuts having a total plantation area of about 3.52 million ha in 68 provinces as of the year 2015 [1] . A significant volume of coconut lumber was used in the lowcost housing program, as well as in others and various resorts throughout the country. This involves some 1 to 2 million m 3 of coconut lumber annually [2] . Marinduque, a small island in the Southern Tagalog Region of Luzon, considers coconut as their primary crop with 66% of their crop land areas devoted to coconut plantation. The outer, higher density stem fibers of coco lumber or coco wood have properties similar to many hardwood timbers and possibly may have high value flooring product [3] . However, in countries with tropical climate with high relative humidity, the service life of coco wood is reduced due to various environmental conditions such as precipitation and increased ambient temperature favorable to biological degradation. This coco wood and other types of wood become susceptible to biodegradation when exposed to these environmental factors. Wood is a hydroscopic material that possesses water absorption properties reducing its physico-mechanical properties. Periodic exposure of untreated wood to precipitation increases its moisture content and adversely affects the quality of wood.
Wood with high moisture content is vulnerable to microbiological (especially fungi) and insect attack which causes wood dimensional instability especially under varying moisture conditions [4, 5] . Woody tissues are degraded by fungi through the cell [6] . The ability of microorganisms to attack wood depends on the moisture content of the wood cell wall and the reactivity of its chemical components [7, 8] . Biodegradation is dependent upon many factors including moisture content above 30% [9] temperature, microbial population, degree of acclimatization, accessibility of nutrient, cellular transport properties and chemical portioning of growth medium [10] . Another prevalent wood threat is the white ants or termites (Termitoidae). These group of insects were classified at the taxonomic rank of order Isoptera (termites).
In natural environment, they are useful in helping break down nutrients from dead plants to humus. However, these insects become threat to woods as these can do damage to unprotected buildings and their wooden elements. They can attack wood in a building from below the ground level up to the highest point of the roof. Over time, the moisture content in the woods plus the significant termite damage become a problem that requires immediate attention and solution. United States, Japan and Philippines reported billions of US dollars are spent annually for termite control and repairing the damages [11] [12] [13] [14] [15] . There are numerous ways to extend the service life of wood products and building materials that have been developed including chemical treatments and costly alternative materials. Pesticides such as chlordane and heptachlor, among others, are effective tool against termites. While wood preservatives that contain active ingredients like permethrin, propiconazole and tebuconazole are commercialized and now in the market. However, it has been proven that these preservatives contain chemicals that cause adverse effects on human health. For example, excessive human exposure to permethrin can cause nausea, headache, muscle weakness, excessive salivation, shortness of breath, and seizures [16] while propiconazole is a possible liver toxicant and may cause some issues in the endocrine system while tebuconazole is a possible human carcinogen [17] . Moreover, the high material cost of this commercial wood preservatives ranging from 21.4 to 27.8 USD per liter [18, 19] becomes the challenge to people to purchase the product. Thus, several new alternatives have been developed for termite control to reduce the potential for chemical exposure. This includes the production of pesticides from natural organic substances. Neem or Nimtree (Azadirachta indica) ( Fig. 1 ), on the other hand, is a tree belonging to the Mahogany family. In the Philippines, same species is known as Philippine Nimtree, and commonly known in Tagalog as "Balunga" (local dialect). The Neem tree can reach a height of 15-20 m (49-66 ft), rarely to 35-40 m (115-131 ft). In 1978, Neem was introduced to the Philippines by scientists working at the International Rice Research Institute (IRRI). By 1990, however, IRRI had distributed more than 120,000 seedlings and the tree was growing on at least eight islands [20] . It is popular in Marinduque for its insecticidal properties (especially mosquito repellency) and medicinal applications (dental antiseptic). Based on various studies (Table 1 ) Neem tree contains substances (e.g., azadirachitin, limonoid, proline) [21] known for wood preservation. Hence, this study utilized Neem fruits and leaves to develop an organic wood preservative that will help extend the service life of coco wood within Philippines environmental condition. This study paid special attention to the physical and chemicals parameters of coco wood in the presence of wood preservative such as termite repellency, water absorption and tangential swelling. Determining these parameters is helpful to extend the coco wood service life with lesser hazard, low cost with good quality and easy to produce. The result of this study is also helpful for the construction industry and local communities in Marinduque.
Materials and methods
The study utilized the simple extraction process with extracts produced shown in Fig. 2 , as well as experimental framework ( Fig. 3 ). Freshly harvested leaves and fruits were collected from a Neem tree, washed and rinsed to remove dusts and other impurities. The fruits with seeds were separated from leaves and cut into smaller pieces about 1-3 cm for easy crushing. The cut Neem fruits with seeds, and leaves were placed into the 1.5 L Microbishi fruit blender/ grinder separately, mixed with 120 mL of water, crushing/blending for about 2-3 min. Crushed Neem Fig. 4 The experimental processes and property analysis method Each type of sample was subjected to Test 1, 2, and 3 shown in Table 2 while Table 3 shows the corresponding ASTM method employed in the study. Table 2 also shows equations used during data evaluation. Weights and dimensions were measured using a digital weighing scale with 0.01 g division and a carbon steel Vernier caliper 150 mm range with 0.02 mm resolution. ASTM D-3345-74 (Standard Test Method for Laboratory Evaluation for Wood and Other Cellulosic Materials for Resistance to Termites) [26] was used for termite repellency. Termite repellency is the ability of wood to resist from the attack of termites and prevent these insects from eating the vascular stem of the wood specimen. For the water absorbency test, laboratory test was conducted by referring to the ASTM Standard D 4442-92 (Standard Test Method for Direct Moisture Content Measurement of Wood and Wood-Based Materials) [27] . These test methods cover the determination of the moisture content of solid wood, veneer, and other wood-base materials, including those that contain adhesives and chemical additives (Fig. 6 ). Lastly, ASTM D4446-05 (Standard Test Method for Anti-Swelling Effectiveness of Water-Repellent Formulations and Differential Swelling of Untreated Wood When Exposed to Liquid Water Environments) [28] was used to check the dimensional instability of the coco wood. The tangential swelling or the expansion that happened on the wood sample was measured by comparing the previous dimension (volume) of the sample wood to the measured volume after a period of time being soaked in water (Fig. 7) . The standard method and the frequency of analysis are shown in Table 3 . The Table 4 shows the initial physical characteristics (i.e., weights and dimension) of coco woods used in three different analyses. Weights monitoring and calculation followed. Employing one tailed T-test, Eqs. (1) to (3) for the evaluation of data and comparing the two means. The computed t-values and the critical t-values were then compared for validation. IBM SPSS Statistics (2015 version) was used for analyzing statistical data.
where: n = is the number of samples for each setup. n 1 and n 2 are the size of sample 1 and 2, respectively. Xi = is the measured value at i observation. X = is the mean measurement of the wood samples in each setup. X 1 and X 2 are the means of sample 1 and 2, respectively. S 2 = is the square of the standard deviations or the variances. t = is the computed t value. df = is the degrees of freedom. Where; W o = initial weight of wood sample W n = the weight of wood sample after "n" time V o = initial volume of the wood sample V n = the volume of the wood sample after "n" time 
Results and discussion

Termite repellency test
The laboratory test for termite repellency was conducted according to the ASTM D 3345-74 method. If left untreated, coconut wood is prone to termite attack due to its moisture content and soft central tissue. It was shown that the weight was reduced in Sample A (Controlled Sample) by 20, 45, 80 and 100% during week 1, 2, 3, and 4 respectively. Sample B (with Neem extract from leaves) recorded 0, 0, 8 and 28% weight reduction during the same time frame, while Sample C (with extract from Neem fruits with seed) recorded 0, 1, 14, 32% weight reduction. This result showed that extract from Neem leaves is slightly more effective as preservative for coco wood compared with extract from fruits with seed. Figure 8 presents the percent decrease in weight of the wood samples due to the devastation of termites. Based on this result, the 50.4 cm 3 sample was gone in four weeks, this means that the normal size of coco lumber which is 5 × 10 × 365 cm (18,250 cm 3 ) use in construction of houses and forms without treatment and exposed to termite devastation (without additional environmental factors) can possibly be gone in 1448 weeks. However, additional environmental factors may increase the biodegradation of coco wood and subsequently reduce its shelf life. The 1448 weeks is not equivalent to its shelf life nor its potential use as building material. This aspect requires a separate detailed study. The termite repellency capability has been attributed to the chemical composition of Neem extracts. The GC-MS analyses of Hossain et al. [29] work elaborated that Neem crude extracts contained normal hydrocarbons, phenolic compounds, terpeniods, alkaloids, and glycosides. An anti-oxidant capacity evaluation of various extracts was carried out by [29] and found out that chloroform in Neem crude extracts have greater capability than butanol, ethyl acetate extract, hexane extract and methanol extract. It means that the chloroform crude extract from Neem could be used as natural antioxidant [29] . This is attributed to the preservation capability of the Neem extracts in this study.
Water absorption test
The second analysis was the water absorption. Moisture content is one of the most important variables affecting the mechanical properties of coconut wood. Freshly coconut wood has moisture content approaching saturation throughout the whole stem [30] . It must be processed quickly to avoid deterioration caused by pests and staining. Coconut wood has no natural resistance to wood destroying insects and fungi if exposed to wet weather condition. The samples were investigated on its rate of water absorption. It is observed that Controlled Sample [A] possessed the fastest rate of water absorption. It recorded 4, 13, 19% reduced weight after 30, 60 and 120 min, respectively. While both Samples [B] and [C] showed slower rate of water absorption as shown in Fig. 9 . Sample [B] (with extract from Neem leaves) absorbed water by 2, 3, and 6% after 30, 60 and 120 min, respectively. Sample [C] (with extract from Neem fruits with seed) absorbed water by 2, 4, and 7% after 30, 60, and 120 min, respectively. Again, in this analysis, Sample [B] performed better than Samples [A] and [C]. This result is similar to the result of the studies [31] [32] [33] in which Neem extract improved water resistance and dimensional stability of bamboo culms and its products.
Tangential swelling test
Referring to ASTM Standard D-4446-06, it was used to evaluate the effectiveness of Neem extract for retarding dimensional changes in coated coconut wood submerged in water. Further, it was observed that the Sample [A] Figure 10 presents the increase in volume of the samples due to the swelling of the wood. The percentage increases in volume are based from the means respective to the time interval of observations. It was observed that there was a direct relation in weights between water absorption and tangential swelling. When the weight of samples in water absorption analysis increased, the weight of samples during tangential swelling results increased as well. A 16 and 14% increase in the weights and dimensions of Sample [A], respectively, were recorded. This corresponds to 5 and 9%, as well as 6 and 12% weights and dimensions of Samples [B] and [C], respectively. This result showed that extract from leaves is more effective in preserving the coco wood against water absorption and tangential swelling. It means that 14-16% will be the increase of volume of coco wood when exposed to water without Neem extract treatment. This information is important to communities and builders who used untreated coco lumber in areas that have high precipitation and areas with hot climate. Evaporation of water content in coco wood would reduce its weight and dimension. The findings that Neem extract is potential preservative for woods are similar to those findings of various studies in which Neem extract proved its insect repellency and hydrophobic properties [22] [23] [24] [25] 34] . 
